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1 In July 1970, the Coordinating Board Texas 

Introduction College and University System commissioned the 

Architecture Research Center of Texas A&M 
University's College of Architecture and Environ- 
mental Design to undertake a year-long study of 
the possible benefits in cost, time, and facility 
utilization of using a systems building approach 
for Texas' college and university construction. 

The study was supported by a comprehensive 
planning grant from the U.S. Office of v Education. 
The purpose of this report is to present the results 
of the study and to make recommendations for 
improving the building delivery system for Texas' 
college and university facility construction. 

Because one cannot reasonably talk about ways 
to satisfy future facility requirements without 
being aware of what those requirements may be, 
the first part of this report deals with what appear 
to be the present and future trends and needs in 
higher education and the related architectural 
implications. The discussion of alternative 
building delivery processes which follows will 
then have been properly prefaced and will in 
turn prepare the reader for a consideration of the 
utilization of present and future facilities. Fin- 
ally the studies' findings will be summarized and 
conclusions drawn on which final recommenda- 
tions will be based. 
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2 2.1 

Higher Trends 

Education 




Today in virtually every aspect of American life, 
conventional ways of thinking and doing are be- 
ing re-examined and challenged. Changes result 
which test cultural assumptions previously held 
above question. The over-riding theme of current > 
cultural concern is turmoil, and change itself has J 
become one of the most basic facts of modern 
existence. 

■J 

Educators tell us of developing generations which | 
regard change as normal and necessary rather than 
as annoying or damaging. They are aware of this j 
trend in today‘s young not only because they in- 
teract frequently with them but also because they | 
are partly responsible for it. Education more than j 
any other social institution besides the home med- 
iates the environment to the young. The develop- 
ment of new cultural responses appear most obvi- 
ous in college students because they have been 
exposed to the rapidly changing social environ- 
ment during their formative years and have reach- 
ed the age when they are more capable and like- 
ly to effect new structures. 



Higher education, the cultural medium for these 
students, is pressured from within and without to 
change. The changing social scene, the grow- 
ing body of knowledge and technology, rising 
costs, and the increasing population force col- 
leges and universities to reevaluate the quality 
and efficiency of their programs and facilities. 

This is to be expected. For in a time of great 
cultural flux, educational programs cannot long 
remain viable without changing to suit the soci- 
ety served. The fact is that higher education is 
and has been changing for some time. New pro- 
cedures and technology constantly reshape the 
educational scene so that colleges must change 
as fast as they grow. Although the changes dif- f 
fer from institution to institution and may be I 

neither evolutional nor sequential, several dis- f 
cemible patterns emerge. ! 

i 

Independent Study 

One growing trend in higher education is that 
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of independent study or individualized programs. 
The basic feature of this trend is student control 
of time, subject matter, and extent and depth of 
study. Ideally, the student works on his own 
time, in his own direction with help from instruc- 
tors when requested. A faculty advisor consults 
with him on a study program, on the anticipated 
depth and scope of the study, and about his ex- 
pectations for the student's activities. The dia- 
logue continues until the goals agreed upon are 
realized. 

Individualized programming recognizes that 
people learn at different rates and attempts to 
accommodate the differences by allowing students 
to study not only what they want but also when 
and for how long. Flexible schedules are evol- 
ved which suit individual rather than institutional 
needs. And the needs considered include those 
of the instructors as well. Whereas conventional 
schedules deny autonomy to teachers and students 
alike, the newer concept views time control as a 
personal matter and scheduling as a flexible tool 
for optimizing time use for both groups. 

Another concept vital to individualized programs 
is that of flexible grouping. Individual students 
studying at their own rates may well desire and 
be directed toward involvement in small groups 
where discussion can be freely shared. Students 
change. Their interests fluctuate and they differ 
in abilities and achievements. Flexible grouping 
can allow for these differences and capitalize on 
the stimulating interactions which occur in hetero- 
geneous groups. Dynamic allocation of space for 
changing groups meeting at different times and for 
varying periods of time becomes an important con- 
sideration and one not customarily faced in con- 
ventional programs. 

Continuing Education 

Another growing trend in higher education is the 
recognition of continuing education as a means 
of alleviating the problems of technological 
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obsolescence, the use of leisure time, and old 
age. Individuals involved in such programs can 
learn new technical skills and keep up with ad- 
ditions in general knowledge as well. 

Extended Campus 

One of the newest trends in higher education 
relates college and university services directly 
to host communities. The "extended campus" 
concept means that instead of working people in ' 
the community rushing home after a full day's 
work to hurriedly eat, dress, and travel to a 
night class at a nearby institution, the college 
or university sends professors out to the people 
to instruct them during the noon break or after 
work at their places of business. j 

The college benefits by being able to operate 
with less overhead for instructional space and 1 
equipment. Borrowed or donated space for class- f 
rooms comes in the form of conference rooms, | 

cafeterias, offices, and other work areas. Idle | 
equipment is made available for demonstration 1 
purposes as whole factories become temporary 

laboratories. § 

*_* 

The students save time by not having to travel to | 
the institution. They save money from the reduc- 
ed rates colleges can offer and the support their | 
company's offer. And they learn more efficiently § 
since they are less fatigued during class and have | 
evenings free for study. The extended campus § 
trend brings higher education to more people at | 
less cost and promotes better relations between | 

college and community. | 

"fa 

Interdisciplinary Studies |f 

j§ 

The trend toward interdisciplinary studies cor.tin- f§ 

ues to grow as scholars and students realize the || 
educational value of heterogeneous team effort || 

and the fundamental similarities in subject matter .|| 
and technique among the various disciplines. t§§ 
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Multi-Media Presentations 

The increasing use of a variety of media to pre- 
sent information to students finds its impetus in 
the search for more efficient means of teaching, 
technological advancements, and the demands 
of rising enrollments. Multi-media presentations 
of information used appropriately can increase 
the opportunities and likelihood of learning. 

The use of such techniques can bring education 
to more people, improve the utilization of ex- 
pensive facilities and human talent, and enrich 
the learning experience for the individual. 

Large, automated lecture halls which utilize many 
different types of media appear with increasing 
frequency on American college and university 
campuses. The appeal of such facilities is largely 
their capacity to handle large groups, but multi- 
media presentations for individual users are grow- 
ing as well. 

"Multi-media 11 describes anything usable to organ- 
ize, store, and present information and includes 
everything from computers to television to slides 
and overhead projectors, including teachers, 
books and chalkboards. Libraries are becoming 
"media centers" where students have access to 
information stored in all the various forms, for 
information presented through the most approp- 
riate media can create stimulating learning ex- 
periences not otherwise obtainable. 

The availability of such materials to individual 
students can contribute to the success of individ- 
ualized programs. Students could have immediate 
access to the best presentations of information on 
virtually any topic and updating could be effect- 
ed quickly to keep information fresh and accu- 
rate. The best instructors could be available to 
individual students studying alone or to large 
groups of them. Different approaches are being 
tried which involve wide scale television presen- 
tations of information. In some, evaluation of 
student performance is handled through the mail, 
while in others students come periodically to a 
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central point for testing and counselling. The 
implications in terms of substantially reduced 
campus facilities are significant. 



Student Housing 



Another trend in higher education deals with 
student housing. The interacting forces include 
demands of students for social arrangements like 
those of the host society and the rising costs of 
construction. Students often dislike the regimen- : 
tation of dorm life, the monotony of the facilities,; 
and the lack of privacy and qpt for private hous- 
ing when and where they can. Frequently the 
result is a decreasing occupancy rate for dorm- 
itories which may depend on student rent fees for i 
amortization of building bonds. Institutions are 
attempting to make dormitory life more attractive ?■ 
by revising regulations and by making facilities * 
more pleasant. New housing being provided em- \ 
phasizes more control of the living environment | 
by the occupants, less institutionalized appear- | 
ance, and smaller often heterogeneous groupings. \ 

Some institutions have recognized the value of | 
student housing as an instrument of learning. i 

Mixed or proximal residential arrangements are \ 
being used to bridge the gap between students j 
and professors. Some authorities project that j 
widescale introduction of multi-media facilities f 
into the living environment could contribute to 
the effectiveness of self-paced study programs. f 



9 



Inter-College Consortia 

In various sections of the U.S., colleges and 
universities are becoming involved in joint 
ventures for mutual economic and academic ad- 
vantage. By pooling their mutual needs, these 
institutions are able to aggregate markets large 
enough to effect economies in purchases of 
equipment and materials. Pooling their respec- 
tive resources, they are able to complement each 
others academic programs and to share professors 
and expensive facilities, thereby avoiding need- 
less duplication. 
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There are of course many other ways in which 
higher education is changing which have not been 
mentioned. These have been discussed because 
they seem to indicate general direction. 



2.2 

Architectural 

Implications 



Higher education is changing at an increasingly 
rapid rate so that that which we know and under- 
stand as standard today may not be so in a few 
years. The great bulk of buildings on campuses 
in this country, however, will remain fundamen- 
tally unchanged due to the inflexibility of their 
designs and intended permanence of their con- 
struction. This disparity between function and 
facility will become even more restrictiveas 
educators try to update their programs in the ways 
discussed. Pressures will mount for facilities 
which can more readily support these programs, 
the architectural implications of which may lead 
to buildings based on present and future, instead 
of past, concepts and needs. 

The major concepts which can be generalized 
from trends in higher education include a perva- 
sive emphasis on individual control, recognition 
of the synergistic educational value of group 
interaction, an awareness of the value of multi- 
media presentations of information, and the re- 
straints of economy. These concepts are closely 
interrelated and effect similarly interrelated 
architectural responses. 

Individualized Programs 

Facilities intended to house and support individ- 
ualized programs will have to allow for more user 
control. "User" in this sense could mean the 
individual student studying alone in a carrel, a 
professor or administrator in his office, or the 
institution itself in the day-to-day operation of 
campus facilities. 

One obvious way to enhance user control is to 
permit the user to change certain aspects of his 
physical environment such as lighting, atmosphere. 
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or spatial arrangement. This sort of rather im- 
mediate control could help make an office, 
study space, or dorm room a more personalized 
space. 

Another way would be to make available to 
users, especially students, a wide variety of 
spaces for their use. Study spaces, for instance, 
could be varied in location, size, type, related 
equipment, arrangement of groupings, finishes, 
colors, furnishings, and in other ways to let 
students choose the spaces they use. Accessibility 
to different types of spaces becomes increasingly 
important as new concepts in higher education de- 
emphasize the lecture system of instruction and 
the traditional classroom gives way to a variety 
of other learning spaces. 

Independent Study 

The influence of independent study programs is 
here most obvious. Students will need access to 
individual study spaces. But they will not spend 
all their time in solitary study. They will be 
involved in group activities through seminars 
and projects. The implications of these variable 
groupings demand different provisions which 
should be mentioned separately starting with 
facilities for independent study. 

No single facility should be set aside to contain 
all the independent study spaces for an institution. 
These areas are best scattered throughout the cam- 
pus. There will be a need for a large number of 
such spaces in and around information resource 
centers and there should be spaces close to project 
and seminar areas where students can get together 
and share learning experiences. Some indepen- 
dent study areas should also be located near dis- 
cipline-oriented facilities, equipment, and per- 
sonnel. Nearby social or commons areas for inter- 
action and relaxation are also desirable. 



o 
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Independent study units function best if grouped 
in small clusters so that they can share common 
services. If many units (carrels, for example) 
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are assembled in one place, it is important to 
visually and functionally vary the space to avoid 
monotony and to create an inviting study environ- 
ment. Placing study units adjacent to cir- 
culation spaces can create noise problems and 
distractions for many students. Finally, spaces 
for instructors should be close to independent 
study areas to facilitate consultation and counsel- 
ling. 

Many types of independent study units can be 
provided: enclosed, semi -enclosed, open, special 
purpose (i.e. typing, recording, viewing, com- 
puter), with or without storage space, lockable 
or not, and assigned or unassigned. No one type 
should be used exclusively, but rather a mix of 
several types should be provided to best meet 
student needs. 

Group Facilities 

Large group facilities are perhaps the most dif- 
ficult of any type space as far as planning consid- 
erations go. These spaces will tend toward 300- 
400 person capacity with the capability to sub- 
divide into 80 or 100 seat units. Since these 
areas are often used for visual presentations, 
stepped or sloped floors are necessary. Aisles 
and circulation should not interfere with the view- 
ing area, nor should sound from adjacent spaces 
or projection equipment interfere with hearing. 

It should be pointed out also that in facilities 
for large groups windows and natural light are 
often more bothersome than beneficial. 

Small group facilities will be needed to supple- 
ment both individual and large group areas. 

Such spaces could be provided as part of a re- 
source center and used by groups of students with 
and without instructors to review and learn from 
resource materials. Small group space could be 
incorporated into a professor's office area or 
scattered around the campus as scheduled or 
informal spaces. A variety of seating arrange- 
ments could be adopted to compliment group 
discussion, or review. And multi-media 
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equipment could be introduced to supplement 
other activities. Two levels of lighting to allow 
for projection and discussion would be desirable. 
Carpeting should be used for sound control and 
i>,>- make the space more informal so that interac- 
tion would be enhanced. 



In all situations large group, small group, or 
individual, student control over learning exper- 
iences will be enhanced by making a variety of 
different spaces available. 

Spatial variety will also be important to the 
institution. The complex problems created by 
flexible scheduling and grouping demand dynamic 
space allocation systems to handle a great variety 
of spaces. 

But economic restraints prohibit stockpiling space 
types to meet peak demands. Facilities need to 
be multi-functional or flexible to meet similar, 
simultaneous space needs within economic limits. 
In facilities with less immediate alteration require 
ments, interior flexibility can allow for major 
modification without excessive cost or interruption 
of services. 
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Architectural Response 

Flexibility then, as a function of anticipated 
change, desired spatial variety, and economy, 
implies some very specific architectural responses. 
One of the more obvious is the need for clear 
space which means long structural spans. Another 
is the need for a malleable system of space div- 
ision. Movable and operable interior partition- 
ing could answer this need especially if supple- 
mented with multi-functional furnishings. Envi- 
ronmental factors call for lighting systems which 
are changeable in intensity and location; reloca- 
table air conditioning ducts and diffusers; reloca- 
table mechanical and electrical distribution net- 
works; relocatable control systems for lighting, 
electricity, air conditioning; and provisions for 
sound control (carpeting, finishes, traffic pat- 
terns). Other parameters which could contribute 
to^patial flexibility include an efficient, change- 
able signage system, functional wall finishes 
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(chalk, display, projection), empty conduits and 
cable trays for the addition of new services and/ 
or equipment, and storage space for partitions, 
furniture, maintenance and multi-media equip- 
ment. 

Colleges and universities are not only experienc- 
ing demands for flexibility of academic facilities. 
Growing student dissatisfaction with dormitory 
living and changing ideas about student housing 
are producing demands for flexible residential 
facilities. Many believe that student housing 
should narrow the gap between faculty and stu- 
dents, the classroom and the living room. The 
most important step in achieving such a goal is 
to provide students with two fundamental needs: 
privacy and participation. This means individual 
rooms and the opportunity to identify with a group 
small enough to be comprehendable. 

The single room assumes central importance, then. 
Single rooms could be combined in suites and 
these perhaps clustered around a courtyard with 
access to common recreational, meeting, and 
dining facilities. Providing family suites among 
single student types would encourage married 
students to participate more actively in the col- 
lege community. Mixing students with professors 
in residential arrangements could stimulate use- 
ful educational associations for both groups. 

The educational value of housing could be improv- 
ed further by introducing multi-media facilities 
for occupants' use. Television, a common feature 
of most lounge areas, could be used for in- 
residence instruction. Small media centers or 
libraries could contain standard reference and 
other forms of educational materials. Commons 
areas could be utilized more flexibly for educa- 
tional displays of science or art and could in this 
way capitalize on a campus facility not normally 
used for educational purposes. 

Throughout this discussion on the architectural 
implications of trends in higher education, flex- 
ibility seemed to appear as the implication most 
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common to all the trends. And, indeed it is, for 
flexibility not only allows institutions to offer 
great spatial variety within reasonable economic 
restraints. It also allows them to adapt more 
easily to unanticipated developments - like more 
new trends in higher educational thought and 
programs. As costs of construction rise, being 
able to use an expensive facility flexibly may 
help extend its useful life and forestall the dif- 
ficult, expensive, and time-consuming process 
of building a replacement. 
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Two concepts shape current institutional building 
delivery practices. First, each new building is 
viewed as a separate entity satisfying a 
unique set of project requirements. Second, the 
steps necessary to produce a building are per- 
ceived as independent separate activities. 

Visits to recently completed college buildings 
reveal only cosmetic differences in building 
appearance, equipment, and finishes for facilities 
serving similar functional requirements. Yet each 
new building is produced as if it were a signifi- 
cantly different structure through a lock-step 
sequence of activities: 

• Recognize Need 
identify building requirement 
arrange financing 
locate site 

• Design 

program specific building requirements 
design 

produce contract documents 
bid 
award 

• Construct 

manufacture components 
deliver 
assemble 

• Occupy 

A series of institutional approvals required at 
each step in the process effectively separate 
the interdependent building activities. 

3.1.1 Trends 

Costs 

Nationally the. cost of construction increased 36% 
between 1965 and 1970. Recent increases have 
been more severe: exceeding 10% in 69 - 70 and 
currently averaging 12% per year. National 
building cost statistics for the 65 - 70 period also 
provide information on the proportion of labor 

± 6 - 
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and material in a generalized construction pro- 
ject. While building costs increased 36%, labor 
costs jumped 47% and material costs were up 
17%. These figures indicate that labor has had 
twice the impact of material on total construc- 
tion costs. 

Sample 

To develop specific information concerning the 
costs of higher education facilities in Texas, cost 
data was assembled from a number of recent univ- 
ersity building projects. The sample included 
some 60 recent buildings from 2 year, 4 year, and 
advanced degree institutions at 10 different cam- 
puses across the state. (See Appendix A-2 for 
specific cost summary sheets.) 

Findings 

Contractor cost breakdown information used to 
develop cost data is the best available source of 
specific conventional building cost data. Find- 
ings from the sample have been averaged and 
adjusted to reflect 1971 costs. 

Current costs per square foot for the following 
campus building types sampled are: 

Classroom $ 27.00 psf 

Laboratory $ 37.00 psf 

Residence $ 27.40 psf 

The sample did not show significant cost varia- 

tions for single story as opposed to multi-story 
buildings. 

More important for this study than square foot 
costs are the percentages of total building costs 
allocated to the various subsystems. Distribution 
of building costs among subsystems is a more rel- 
iable basis for comparison than square foot costs 
because it is less affected by project location, 
variations in competition or year of construction. 
Based on analysis of building costs at 10 typical 
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institutions the following graphs indicate average 
cost distributions for selected building types. 
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Several findings are noteworthy in the conven- 
tional cost data surveyed: 

• Largest single elements of building cost are 
structure and heating -coo ling subsystems. 

• In combination site and structural costs are 1/3 j 
of total building cost. 

• Costs for mechanical support systems in combin- j 

ation (heating-cooling, electrical and plumbing) j 
comprise 1/3 or more of total building costs. j 
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• The exterior skin of a building makes up 10% 
of total building cost. 

Cost data was extracted from successful contractor 
cost breakdown forms and assembled in a format 
that will permit comparison with building system 
cost information presented later in this study. It 
must be noted at this point that contractor cost 
breakdowns are not totally accurate sources of 
information. The total building cost is of course 
correct and subcontracted work (electrical, 
mechanical, plumbing) tends to be accurately 
quoted. As a rule however general contractors 
increase the costs of site work and structure at 
the expense of partitions, ceilings and finish work 
to obtain faster cash return. Institutions with 
cumbersome progress payment procedures force 
contractors to take such an approach and to add 
higher interim financing charges in their bid 
prices. 
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3.1.2 

Time 



Nationally building delivery time for university 
buildings averages 42 - 48 months. This means 
that a building prefect conceived today will be 
bid at prices effective 2 to 3 years in the future. 
At current cost escalation rates, todays one mil- 
lion dollar building will cost an additional four 
hundred thousand dollars in three years. 



Total prefect delivery time for the Texas sample 
of building prefects was obtained from university 
records. This data is reliable for design and 
construction activities. Institutional prefect 
work previous to architectural contract is esti- 
mated from available data. The following graph 
indicates average delivery time for the building 
types sampled. 
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It should be noted that time considerations are 
separated from cost considerations only for pur- 
poses of analysis; building time and cost are 
directly related and interdependent. Actually 
the many steps of the building process are also 
interdependent despite the fact that convention- 
al methods separate them into a linear sequence 
of non-contiguous events. 

Systems building is a comprehensive management 
process which attempts to optimize the cost, del- 
ivery time, and quality of building projects. A 
systems building approach to a building program 
recognizes that similar functional requirements 
result in similar requirements for building struc- 
ture, mechanical subsystems, partitioning, and 
other building components. Three systems build- 
ing techniques are of primary importance to this 
study: 

• Accelerated Scheduling 

• Market Aggregation 

• Building Systems 

Accelerated Scheduling 

The nearly four year building delivery period 
typical of much university work wastes millions 
of dollars in escalated building costs and 
delayed educational programs. Accelerated 
scheduling overlaps design and construction ac- 
tivities conventionally performed in a linear se- 
quence. Construction of building subsystems 
such as foundations and structure is begun while 
finish details and specific partition layouts are 
being determined. Prebidding of basic subsys- 
tems fixes the costs of these items early in the 
job enhancing cost control. In addition prebid- 
ding speeds building delivery by authorizing 
manufacture and delivery of certain subsystems 
before architectural work is complete. 

Market Aggregation 

Differing buildings have many similar subsystem 
and equipment requirements. Market aggrega- 
tion techniques combine these requirements to 
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reduce material costs by bulk purchasing. Univ- 
ersities in Texas for example will buy plumbing 
fixtures for thejpany building projects now under 
construction by separate contractor purchase 
orders processed through a variety of suppliers 
and dealers. Competitive bidding of a single 
large guaranteed order could substantially reduce 
the cost of fixtures for State institutions. 

Building Systems 

This systems building technique is based on the 
use of sets of building components designed and 
manufactured to be assembled with a minimum of 
field labor. Building system components can be 
economically manufactured due to the repetitive 
aspects of their design; and reductions in field 
labor can also lower building costs. Designed 
to serve generalized building problems such as 
span, heating-cooling, or partitioning, building 
system components can be applied to many build- 
ing requirements and can provide variety in 
appearance as well as function. 

Other techniques such as automated design, con- 
tinued production and construction, component 
evaluation and improvement are significant sec- 
ond state activities for a systems building program. 

Experience 

• Internationally, systems building has been used 
extensively for both educational and public 
building programs. England began using build- 
ing systems to rebuild the country after World 
War 2. Advanced versions of the original system 
are now being used in higher education construc- 
tion for laboratory, dormitory, classroom and 
other buildings. Approximately one half of ail 
educational buildings in England are constructed 
using the systems building approach. Similar 
experiences are typical throughout Europe: the 
University of Marburg in Germany manufactures 
building components on campus for an extensive 
continuing program of construction which includes 
many complex laboratories. 

eric: 22 
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• In North America two systems development pro- 
jects have been completed for educational build- 
ings and three others with specific university 
potential are underway. SCSD (School Construe- ' 
tion Systems Development) built 13 schools in 
California in 1966 - 67 using compatible subsys- 
tems based on performance requirements. Since 
then the building systems components have been 
used in more than 1300 school projects in the 
U.S. The SCSD components could satisfy the 
functional requirements of many junior college 
buildings now planned or under construction. 

• A systems building program in Toronto, SEF 
(Study of Educational Facilities), is now complet- 
ing its second series of 10 multi-story urban 
schools. The building subsystems developed for 
Toronto can be directly applied to the require- 
ments of U.S. college and university classroom 
buildings. As to U.S. availability, SEF system 
components are now being used in Boston and 
Detroit. A study for the New York Stcte 
University Construction Fund indicated that as 
much as 80% of the Funcfe new university con- ! 
struction could be accomplished v/ith SEF com- 
ponents. 

• Montreal’s Catholic School Commission has 
developed a multi-story concrete building system 
for use in its school building program. These 
building components could also serve many col- 
lege and university building needs in the U.S. 

• The State of Florida has built 25% of its new 
schools since 1967 using systems building tech- 
niques and components. A systems approach for 
junior college building programs is now underway. 

• The first building in a systems program for 
student housing (University Residence Building 
System) is now under construction at the Univer- 
sity of California's San Deigo campus. 

• A process for constructing college buildings 
using building components currently on the market 
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is being developed. for California and Indiana 
Universities. 

• The Texas department of Mental Health and 
Mental Retardation is applying limited systems 
building techniques to its new facility construc- 
tion programs. 

Process 

The development or use of system building tech- 
niques in institutional construction programs de- 
mands changes in traditional processes of build- 
ing delivery: 

• Owners will have to make many rapid decisions 
on costs, design and equipment; a rigid approval 
process at each step of the building development 
can eliminate the potential cost and time advan- 
tages of a systems building program. Owners in 
fact will be challenged to improve and expand 
their building administrative activities issuing 
more contracts at various times during the job, 
seeking competition and cost discounts, perhaps 
even coordinating subcontracted work. 

• Architects will find less demand For drafting 
services but vastly increased demand for princi- 
pal time to coordinate various project responsibil- 
ities. The architects design freedom is limited 
essentially by his abilities, not by building com- 
ponents; examples of both well designed and poor- 
ly designed systems buildings can be found. It is 
desirable to retain local architects to design sys- 
tems buildings. Their knowledge of local labor 
supply, technological capacity, manufactured 
goods, and competition will be invaluable to any 
serious building program. 

• General contractors roles will be reduced in 
systems building projects as a result of pre-bid 
building subsystems* Some general contractors 
involved with systems building programs have es- 
tablished themselves as construction management 
firms in order to capitalize on their familarity 
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with local market conditions. Subcontractors 
roles in the systems building process are little 
changed. 

• Manufacturers can look to systems building for 
larger single purchases and continuing markets 
forgiven products. Additionally, feed back 
evaluation will assist them in improving and up- 
dating their products. Pre-bidding will cause 
manufacturers to train their own installation 
crews or license local representatives. 

• Labor has participated efficiently in all of the 
systems building programs completed to date. In 
fact labor, when consulted early in program dev- 
elopment, has contributed to efficient job organ- 
ization and definition of responsibilities. 



3.2.1 Three selection criteria were used to develop 

Costs systems building cost data pertinent to Texas 

higher education. Selections emphasized: 

• Systems building programs with building ex- 
perience in North America. 

• Building systems in which system components 
account for more than 40% of total building cost. 

• Building programs for educational use with 
possible applications in higher education. 

Construction costs for the first series of buildings 
in a new systems building program were often 5 
to 10% higher than similar conventional projects. 
The comparison is somewhat unfair in that the 
systems buildings offer higher quality and easier 
plan reconfiguration than their conventionally 
built counterparts. However, the comparison is 
sure to be made; the cost overruns in the first 
series appear to result from unfamiliarity of own- 
ers, architects, contractors, and manufacturers 
with the new building process, rather than from 
premiums paid for added quality. 

Subsequent building programs using a tested sys- 
tems building process have demonstrated cost ad- 
vantages. SSP (Schoolhouse System Program), 
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Florida's school building program, for example 
demonstrated a 5 to 10% cost advantage over 
similar conventional projects after 3 years of 
operation. Two factors account for these cost 
advantages. 

• Contractors and manufacturers become more 
competitive as they improve their techniques of 
building delivery in a continuing program. 

• Repetitive building system components are less 
subject to cost escalation than their conventional 
counterparts. 

The following cost data pertaining to two types 
of classroom buildings constructed under systems 
building programs are presented for purposes of 
comparison. Cost data for systems residential 
or laboratory buildings were not available in 
sufficient quantity to permit comparative cost 
summaries. 

• Information on single story classroom buildings 
was developed from projects in California, 
Georgia, and Florida. The sample represents 46 
projects with a total area of approximately 3.5 
million square feet. These building types are 
similar to many buildings now under construction 
on Texas junior college campuses. 

• Information on multi-story classroom buildings 
was developed from the 1 1 completed urban 
school projects in Toronto's SEF program. These 
buildings could function as multi-story classroom 
space on many Texas college and university 
campuses. Costs per square foot have been aver- 
aged and adjusted to reflect current 1971 price 
levels. These costs are not considered to be 
directly comparable to those developed for Texas 
conventional construction experience in that 
they represent distinctly different regions and 
bidding markets. 

Cost per square foot for systems building projects: 

Classroom (1 story) $ 22.40 psf 
Classroom (multi story) $ 24.75 psf 

Of greater interest for comparative purposes is 
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the distribution of construction costs among 
subsystems. The following graphs show the per- 
centage cost of building subsystems in the sur- 
veyed projects. 
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Several items are noteworthy in comparing the 
distribution of total building cost for systems 
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building programs to conventional building pro- 
grams in Texas (see 3.1.1). 

• Systems buildings spent half as much as conven- 
tional buildings for structure. This difference is 
noteworthy in view of the fact that the systems 
buildings studied used long span structures to 
accommodate changing interior space require- 
ments. 

• Systems buildings spent as much of their con- 
struction dollar on mechanical support subsystems 
(heating, air conditioning, plumbing, electrical) 
as their conventional counterparts. The systems 
buildings mechanical subsystems, however, are 
more responsive to changing needs than conven- 
tional installations. Supply ducts and electrical 
panels can be easily relocated. 

• Systems projects spent more of their construction 
dollar for interior partitions; partitions compon- 
ents are moveable and pre-finished. 

• Systems projects spent less than conventional 
projects on interior finishes as a result of the many 
factory finished building components employed. 

Accelerated Scheduling 

Overlapping design and construction activities 
have demonstrated reductions of as much as 50% 
in building delivery time. Initial cost advantages 
of this technique are directly related to the pre- 
vailing rate of construction cost escalation . At 
present rates, accelerated scheduling can produce 
a 6% savings in total building cost by bidding 
one half of a building's subsystems 12 months 
earlier than a conventional building delivery 
effort. Early bidding fixes project costs for cer- 
tain building subsystems promoting effective 
cost control . 

Experience indicates that cost savings accomplish- 
ed in prebidding are often used to obtain higher 
quality or increased space. 
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Market Aggregation 

Building system components used for single in- 
dependent projects can offer better building qual- 
ity but initial cost savings are unlikely. Florida's 
experience indicates that a construction market 
of 8 to 10 million dollars in a single bid period 
is necessary to obtain significant price discounts 
using available coordinated building subsystems. 
Cost savings on the order of 20% have been ob- 
tained in markets of this size because the volume 
is sufficient to justify pricing at the manufacturer 
level, thereby significantly reducing manufacter- 
ers 1 selling costs. 

Since building subsystems are pre-bid, it is un- 
likely that the full cost savings achieved through 
volume purchasing will be reflected in the final 
building price. Owners who realize a cost sav- 
ing early in a construction project almost always 
utilize the savings to build more space or improve 
quality. Refunds of cost savings are unusual. 

Building Systems 

Historical trends of labor cost increase for indus- 
trial as opposed to construction workers show 
industrial labor costs rising at half the rate of 
construction labor costs. This trend points to 
significant future cost savings through the use of 
component building systems. Such components 
offer the economies of factory production and the 
opportunity for continuing product improvement. 

A few words concerning development costs for a 
new building system are appropriate. Direct 
development costs for systems building programs 
have ranged from $650,000 to $2,200,000; in 
addition a guaranteed construction volume of $20 
to $30 million dollars has been necessary to 
support manufacturer participation in the develop- 
ment effort. To begin development work on a 
new building system today, serving a particular 
set of educational program requirements, a mar- 
ket guarantee of $30,000,000 and a direct tech- 
nical development cost of $1,000,000 are likely 
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3.2.2 

Time 



Systems building techniques have demonstrated 
markedadvantages over conventional methods in 
building delivery time. Accelerated scheduling, 
prebidding, and building systems used together 
have cut total project delivery time by up to 
50% in many completed projects. It should be 
noted that application of these techniques brings 
demands for quick decisions by clients, architects 
and contractors and in fact imply basic changes 
in the traditional architect-client-builder 
relationships. 



For comparative purposes construction time ex- 
perience for single and multi-story systems build- 
ing examples is contrasted with construction time 
experience for similar conventional buildings in 
Texas. 
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The following brief summary of delivery time 
experience for completed or active system build- 
ing projects expands the previous comparison: 

• Florida's SSP program in 1968 - 69 built 8 sec- 
ondary schools in an average of 281 days; 8 sim- 
ilar conventional schools built in the same time 
period averaged 451 days under construction. 

• Toronto's current SEF program (10 multi-story 
schools) allows 8 months for construction. 15 to 
18 months construction experience was typical of 
previous conventional Toronto school projects. 

• In Merrick Long island a program to build three 
small school additions (totaling 25,000 sq. ft.) 
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completed and occupied one building 12 months 
after retaining the architect. The two remain- 
ing additions were completed three months later. 

• Two industrial schools, one in Arizona (67,000 
sq. ft.), one in Ohio (45,000 sq. ft.), are cur- 
rently under construction with a contracted date 
of occupancy 9 months after retaining the arch- 
itect (verify in September 71). 

• Boston is building two urgently needed public 
schools in 13 months using SEF system concepts. 
School construction time in the area has typical- 
ly been 24 to 30 months. 

A major strength of the systems building approach 
is obviously reduced building delivery time. 

This strength represents a capacity to meet dif- 
ficult building schedules and a second potential 
to reduce construction costs by reducing the 
costs of interim financing related to a long con- 
struction effort. 

note: documentary information pertinent to this 
section may be found in appendix A-2. 
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National projections anticipate a growth of 20% 
in the college age population (18 - 24) between 
1970 and 1980. During the ten year period how- 
ever, college enrollments are expected to in- 
crease 65%. A greater percentage of the college 
age population seeking higher education and 
longer enrollments for advance of degrees cause 
the impressive difference between population 
growth and enrollment growth. 

1980 Texas enrollments are expected to increase 
281,000 from the 1970 count of 427,000. Most 
of this enrollment growth will be borne by public 
colleges and universities whose 1970 enrollments 
are expected to increase 75% (270,000 students) 
during the ten year period. 

Texas public campus profiles, by building type, 
show that residential buildings account for nearly 
1/3 of total campus facilities. Laboratories 
offices and classrooms are other major categories 
in the profile. Junior college profiles vary sub- 
stantially from the averaged public campus; only 
11% of the junior college space inventory is used 
for residence with resultant increases in the pro- 
portions of laboratories classrooms and offices. 

Campus space distribution by major facility type. 

All Texas Texas Public 

Public Jr. Colleges 
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On the average Texas public institutions provide 
nearly 200 total square feet of building space for 
each enrolled student. Simply meeting the an- 
ticipated enrollment growth at today's space 
standards, without consideration of changing 
needs or requirements for building renovation, 
Texas public colleges will build 5,400,000 
square feet of new facilities over the next 10 
years. At current prices this plant expansion 
will require an investment of $1 .5 billion . At 
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4.2 

Academic 

Scheduling 


escalated, prices the total cost could easily 
double during the decade. One way to effect- 
ively increase enrollment capacity without in- 
creased facilities expenditures is to make more 
efficient use of existing college and university 
facilities . 

One of the most detrimental factors inhibiting 
effective utilization of college and university 
facilities is the academic calendar. Texas' 
public college and university fall enrollments 
are reduced to 93% of capacity in the spring and 
46% of capacity during summer sessions. These 
normal enrollment fluctuations mean that half of 
the State's facilities are not used for 4 months a 


• • ■ » V. 


year. Plans have been developed for academic 
scheduling which use facilities 12 months a year 
while allowing faculty and students the opportu- 
nity to choose between long vacations, periods 
of professional development, or year-round aca- 
demic pursuits. These plans demand extensive 
scheduling changes but are effective in reducing 
facility needs. Judging by present enrollment 
patterns, Texas public institutions could support 
an 18% increase in annual enrollments (i.e. 
50,000 more students) in existing college and 
university buildings by scheduling 48 weeks of 
annual utilization and maintaining enrollments 
at 90% of present capacity for the full year. 

The utilization of classroom space is a second 
area where increased scheduling efficiency could 
increase institutional capacity . Disregarding the 
wastefulness of the academic calendar, guidelines 
for classroom utilization in Texas seek to schedule 
classroom space 30 hours weekly and fill 1/2 of 
the available student stations. If it were possible 
to schedule classrooms for 40 hours of weekly in- 
struction and fill 3/4 of the student spaces, pre- 
sent student capacity would be doubled. This pro- 
jected increase is not totally realistic because 
residence, laboratory, and supporting facilities 
would have to grow in support of increased class- 
room enrollments. It does however point out the 
lack of design flexibility of existing buildings. 
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4.3 

Adaptability 



4.4 

Financing 



Given 10 classrooms to seat 30 and 10 classes 
with enrollments varying from 6 to 50, inefficient 
utilization of space is likely if not certain . 

As defined building systems are sets of building 
components designed and manufactured to be 
assembled with a minimum of field labor. The 
definition implies more than potential for simple 
assembly; it suggests that the building system 
components are designed to solve a variety of 
functional building requirements. The design 
necessity to solve many problems results in com- 
ponents that may be arranged in many ways in a 
first building design and therefore can be easily 
adapted to changing facility needs. Specifically 
if is easier, faster, and less costly to convert the 
systems building to another use as college needs 
change. Some examples of a building systems 
inherent ability to respond to changing needs are 
the utility services column which permits plug in 
connection of phones, clocks, intercom, power 
outlets, lighting, etc., on 5 foot grid lines, the 
building system ceiling which accepts air supply 
along any grid line; and the building system 
partition walls which can be relocated with 
minimal labor . 

Financing of new educational facilities is a 
critical element of the building process. 

Three basic sources of funds are used to support 
new construction for Texas Public higher educa- 
tion . 

• Earnings of the Permanent University Fund are 
available to two university systems. 

• Ad valorem tax receipts are available to insti- 
tutions which do not participate in the Permanent 
Lfciiversity Fund. 

• AN institutions can utilize appropriate student 
fee income . 

The Permanent University Fund commands a high 
bond rating (and low interest rate) for user univ- 
ersities; bond ratings for institutions relying on 
other income sources are not as high, resulting in 
increased borrowing costs for those institutions. 



note: See appendix A3 for background data 
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Conclusions and 
Recommendations 



5.1 

Accelerated 

Scheduling 




Texas colleges and universities face significant 
demands for new facilities over the next ten 
years. Growing enrollments and longer degree 
programs will require a capital expenditure of 
1 .5 billion dollars for new construction at today's 
price levels. Rapidly escalating construction 
costs could double this necessary investment 
during the decade . 

Systems building, a process of building delivery 
which seeks to optimize facility cost, quality, 
and delivery time, can play a significant role 
in meeting Texas' commitment to quality higher 
education . Techniques of the systems building 
process will be most effective initially in reducing^ 
delivery time; such time savings can make the 
difference between starting or delaying essential 
educational programs. As colleges and uni versi- ; 
ties continue to apply systems techniques, ration- * 
al cost control, long range price stabilization, 
and eventual first cost savings will be realized 
in building programs. ) 

The systems building process must be understood 
as a complex and demanding management task. 
Attempts to apply the process in a framework of 
conventional institutional procedures in unlikely 
to produce significant results. The following con-, 
elusions and recommendations define the potential = 
of systems building techniques and improved util i — i 
zation to contribute to higher education needs in ;■ 
Texas . 

Conclusions 

Accelerated scheduling techniques such as over- 
lapping design and construction and prebidding 
building subsystems can reduce building delivery 
time as much as 50% and assist a program of cost 
control . These techniques may be easily applied 
to urgent building projects by a willing university \ 
client and a capable architect. \ 

Recommendation 

Individual college and university building depart- 
ments should apply accelerated scheduling | 
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5.2 

Aggregated 

Markets 



5.3 

Building 

Systems 




techniques for any building project where com- 
pletion time is a critical consideration . A rapid 
institutional decision and approval process is 
essential in undertaking such a program . 

Conclusion 

Market aggregation can achieve significant re- 
ductions in building materials costs if the mini- 
mum 8 to 10 million dollar single bid volume 
necessary for cost savings is maintained over 
time. But even the State's largest universities 
cannot individually assemble and maintain a 
market of this size . A centrally coordinated 
program which aggregates similar building needs 
and initiates purchase agreements on a continu- 
ing basis is essential for successful application 
of this technique . 

Recommendation 

The Texas Coordinating Board as the single entity 
able to determine specific statewide college and 
university needs for building materials should 
establish a voluntary market aggregation service 
available to all state institutions of higher educa- 
tion . The Board would begin the service by bid- 
ding open ended supply contracts for basic build- 
ing components such as plumbing fixtures, floor- 
ing, and ceiling subsystems. Because no institu- 
tion would have to participate bids would be 
taken for various quantities of materials . The 
larger the assembled market the greater the likeli- 
hood of lower prices . As the program succeeds 
in delivering cost advantages it should be expand- 
ed to include a variety of partitioning and struc- 
tural subsystems, exterior wall components, and 
electrical -mechanical items. When fully develop- 
ed the Board's market aggregation capabilities 
should include a selection of modularly coordinat- 
ed building systems to serve a variety of higher 
education building needs. 

Conclusion 

The potential now exists to provide a variety of 
single and multi-story university classroom facili- 
ties, utilizing available on market building 
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system components. Soon to be completed de- 
velopment projects will extend this capability 
to residence buildings and laboratories. But 
education of administrators, architects, and 
contractors will be necessary to exploit this 
capacity . 

Building systems can offer quality advantages, 
variety of appearance and plan configuration, 
and long term cost savings by virtue of their 
ability to adapt economically to changing space 
needs. The use of building systems can reduce 
planning time and encourage better design by 
freeing architects from dull repetitive detailing 
problems. 

The development work necessary to produce a 
comprehensive new set of building components ] 
and implementation techniques for a specific } 
college building type is both extensive and ex- v 
pensive . From the date of work start approximate*! 
ly 4 years will be required until the first building i 
is ready for occupancy . Direct development \ 
costs on the order of 1 million dollars and market : 
guarantees for approximately 30 million dollars \ 
of construction value over the first 2 years of 
implementation will be necessary. 

Recommendations 



• It is recommended that individual institutions 

utilize available building systems where appro- j 
priate to proposed construction projects. This 
will speed building delivery, and provide high 
quality facilities which can respond to the chang-j 
ing needs of future educational programs . First 
cost savings are unlikely in single one time build-i 
ing system applications, but long term cost stabi- 
lization and eventual first cost savings can be 
obtained through continuing high volume use and \ 
of building systems components. j 

* It is recommended that the Coordinating Board J 
assemble a building system development consulting 
group to assist colleges and universities embarking 
on initial building system programs. 






Texas A&M University 

College of Architecture & Environmental Design 
Architecture Research Center 
Trost, Sweeney, Carroll 



f / 

HEF : SEA 03.31 .71 Page 35 j £ f 

Higher Education Facilities I 3 ^ 

System Building Analysis / 




• It is recommended that the Coordinating Board 
seek State or Federal support for three demonstra- 
tion building systems programs at selected Texas 
colleges and universities. Project cost and time 
experience would be made available to all State 
institutions . 

• Development of a new comprehensive building 
system for Texas colleges is not recommended . 
Available existing systems represent a quicker, 
more economical way to meet Texas higher educa- 
tion needs than a new development program . 
However, development of improved building sub- 
systems by capable Texas manufacturers and build- 
ers should be encouraged in order to provide a 
wide variety of compatible building components 

in the future . 

Conclusions 

• The academic calendar does not encourage 
efficient utilization of the State's higher educa- 
tion facilities. 

• Present utilization rates for specific classroom 
spaces could be significantly improved. 

• Financing methods for new college and univer- 
sity facilities do not utilize the State's resources 
effectively . 

Recommendations 

• The Coordinating Board should assist the State's 
universities in preparing and adopting an academic 
calendar which makes full time use of existing 
educational facilities. 

• University building programs should incorporate 
design concepts and building components which 
permit new facilities to adapt to future space and 
functional requirement changes . 

• A computer scheduling service for academic 
space utilization should be made available to ail 
interested State institutions. 

38 



5.4 

Utilization 



Page 37 



HEF : SBA 05.30.71 
Higher Education Facilities 
System Building Analysis 



Research Team 

F.J. Trost, principal investigator 
Donald Sweeney, graduate research assistant 
Matthew Carroll, research assistant 
Gunter Schmitz, project advisor 
Administrative Support: 

E.J. Romieniec, Dean, College of Architecture 
and Environmental Design 
George J. Mann, Director, Architecture 
Research Center 



Research Support 

Mr. William J. Martin AIA, Director 
Facilities Planning, Coordinating Board Texas 
College and University System, and Project 
Representative for the Coordinating Board 
Mr. Richard Holder, Director 
Division of Academic Facilities 
U.S. Office of Education 



Appendix A-4 lists professionals whose enthusias- 
tic encouragement and advice contributed sub- 
stantially to the research effort 





Page 38 



Texas A&M University H8F : SEA 03.30.71 

College of Architecture & Environmental Design Higher Education Facilities 
Architecture Research Center System Building Analysis 

Tr^st, Sweeney, Carroll 



7 

Appendix 



Background data for the information developed 
in this work report is organized as follows: 

A-l Educational Trends 

A-2 Building Delivery 

A-3 Utilization 

A -4 Participants & Consultants 

A -5 Selected Bibliography 
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Totol Cost $ 14.65 

Systems Cost $ 6.00 

‘Information source Florida SSP report July 1970; and BS 1C Newsletter, Spring, 1969 
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approximately $1 .35 over that of non-systems 
schools (285,000 sq. ft.). 

Sub^t Ptogramj . Pr0 g ram 2 - 500,000 i,. (t.oppr«,ln«l e |,. 

• Program 3 - 500,000 sq . ft. approximately. 
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